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M,S-Unséturated Prostanoic Acid Derivatives

Summary of the Invention

The present invention is concerned with novel

4,5-unsaturated 16-hydroxy prostanoic acid déri?atives of the

formula:

1 - }
(Chz)n.Ch3

whérein Rris -§OCH20H, Ry is hydrogen or alkyl of 1-6

carbon atoms inclusive; n is an integer of from 2-4
inclusive; Y is a cis-vinylene or trans-vinylene group; and
the (+) refers to the compound shown, its mirror image or th?¢

mixture of racemates.

Atlkyl of 1-6 carbon atoms inclusive represented in
the foregoing structural formu]a is typified by methyl,

ethyl, propyl, butyl, pentyl, hexyl and the branched chain

isomers thereof. ]
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Also included in the invention are the individual
stereoisomers, and the mixture of isomers, wherein an alpha
and beta isomer mixture is represented by the wavy lines in
the above formula.

Further, Alpha configurations are represented by a
dashed line, and Beta‘configuratfons are represented by a
thick line, in the above formula.

Compounds of the present invention wherein Y is a

cis—vihy]eﬁe groﬁﬁhtaﬁ'ﬁepfépreéented by thé formd]a

i
.-__.—’\/’.____——\/\ R
(+) '
, ’\//\\§ (CHZ)D‘_CHB 1T
HC N

HO Ri

where R, R1 and n are as defined above. Particularly
preferred compounds of this group are those compounds wherein;
n is 3 and Ry is CH,.

Compounds of the present invention wherein Y is a

trans-vinylene group can be represented by the formula

- IIT
(CH,)n=CHgy .

wherein R, R1 and n are as defined above.
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Detajled Description of the Invention

The novel compounds of the present invention display
valuable pharmacological properties as is exemplified by
their ability to inhibit the gastric secretion stimulated by
secretogogues such as histamine and pentagastrin while
furthermore possessing the gurprising advantage of 1ackingr
the potent undesirable side-effects displayed by related

substances.

The specific asséy used to detect gastric )
anti-secretory activity is described as follows. ' ?

Adult female beagle dogs weighing 13-20 kg. are
prepared with denervated fundic Heidenhain pouches. After a

recqvery'period of at least 4 weeks following surgery, the

; anjma]g are fasted”for approximately 20 hours, then are

placed in Pavliov stands and infused intravenously with saline

sp]utions. The pouched secretions are collected every 15

~minutes and measured for volume and total acidity by

titration with 0.1 N sodium hydroxide to pH 7.0. Following a
30 minute basal secretion the dogs are infused with a saline
solution of histamine dihydrochloride at a dose of 1.0

mg/hr. A steady state plateau of gastric secretion is
obtained approximately 1 hour following the start of
histamine infusion, at the end of which time the test
cbmpound dissolved in an ethanolic iso-osmotic phosphate
buffer solution, is administered by a single intraveneous
injection. The duration of the-anti-secretory effects is

determined and the side-effects, if any, recorded. The

compound is rated active if statistically significant
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inhibition of secretory parameters occur following compound

treatment.

Starting materials suitablie for the manufacture of

the cohpounds of the present invention are the

cyclopent-l-enealkanoic acids and esters of the formula:

)

] |
NN YN

[ } COOR,

OR.. . IV,
z .

.

wherein Y is as defined herefnbefore, R2 is a protecting
group such as tri(]oﬁer alkyl)silyl, tetrahydrofuranyl or
tetrahydropyranyl and R3 is hydrogen, or alkyl of 1-6
carbon atoms, inclusive. The manufacture of these starting

materials are described in Examples 1-12 and is outlined in

the following chart.
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Introduction of the oxygenated trans-vinyl side
chain at the ?—position of the cyclopentane ring is effected
by reaction with a suitable organometaliic reagent. The
oxygenated trans-vinyl side chain groups are manufactured
from the corresponding acety{enes by the process described b)f

Pappo et al in Chemistry, Biochemistry, and Pharmacological

Activity of Prostanoids, 17-26 (197§).  The examples describe

the manufacture of a Eiggi-vinylsfahnéne gtaﬁfing;maferiaT
from the corresponding acetylene. Aftér the side chain is
introduced, the oxygen protecting!grbubs are conVenient]y
removed with a weak acid solution such as'acéfiﬁ acid.

Compounds where R 'is a hyﬂ}dxyhethylketo.grOHp are
manufactured from a cofresponding H&dro}ycyc]opéntenoné as
exemplified in Example 11. The hydrdemethyﬁketo compound 1is
prepared by the conjugate addition approach.

When a resolved side chain is substituted for the
racemic side chain there is formed a mixture of
diastereoisomers. - This mixture of djéstéreoisomers may then
be chromatographed to afford the ind{viduél stereoisomeric
products. |

The invention wi]]vappear more fully from the
examples which follow. These examples are given by way of
illustration only and are not to be construed as limiting the
invention either in spirit or in scope as many modifications
both in materials and in methods w111:be'apparent from this
disclosure to those skilled in the aft. 'In these examp]es;
temperatures are given in degrees Centﬁgrade'(°C) and

quantities of materials in parts by weight unless otherwise

noted._
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Description of the Preferred Embodiments

>

The operation of this invention is further
elaborated by the representative examples below
EXAMPLE 1

4.0 Parts ofVS-chloro—Z-pentanone ethylene ketal is
mixed with 9.0 parts of 1ithium bromide and é.O parts of
diisopropylethylamine in 30 parts by volume of
tetrahydrofuran which has been distilled from lithium
aluminum hydridé. The mixture is refluxed under nitrogen for
48 hours, cooled and poured into a mixture of ether and water
for extraction. The ether layer is washed twice with water, .
then with 1 N hydrochloric acid and then twice again with

water. The ether layer is then dried over sodium sulfate and

evaporated under reduced pressure to give 5—bromo—2—pentanone

{ )

N~ ' 3
CH3CCH2CH2CHZ x

- EXAMPLE 2
0.1 Parts of p-toluenesulfonic acid is added to a
stirred mixture of 4.2 parts 4-pentyn-1-0l1 and 5.0 pérts 7
dihydropyran. After about 30 minutes, the mixture is treats

with 0.5 parts of triethylamine and vacuum distilled to give

e —— )
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2-tetrahydropyranyl-4-pentynyl ether:

* HC=CCH.CH.CH.O
—T2mraTen XTI

EXAMPLE 3

A solution containing 18 5 parts of
2-tetra-hydropyrany1-4~pentyny1 ether of Example 2 in 125
parts by volume of tetrahydrofuran wh1ch has been fresh1y
distilled from 11th1um aluminum hydr1de is coo1ed to
approximately -30°C and treated w1th.46 parts by volume of
2.5 molar n-butyl lithium so1ution ip‘hexanef The solution
is allowed to come fo room tempérafuré. After approximately
30 minutes at room temperature, 21 parts of
5-bromo-2-pentanone ethylene keta] of Example 1 is added
followed by the addition of 30 parts by volume of
hexamethylphosphoric triamide, with stirring. After 1 hour
the reaction mixture is poured into a mixture of ether and 1 E
N Hydroch]oric acid. The ether féyer is washed with water, %
dried over sodium sulfate and stripped of solvent iﬁ vacuo tof

give, as a colorless, viscous liquid.

/ N\

0

~
CHoCCH,CH,CH, C=CCH, C, CH O

.~

XXITI
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EXAMPLE 4 ;

30‘Parts of the decynyl ketal of Example 3 is
disiolved in a mixture of 150 parts by volume of 1 N ;
hydrochloric acid, 200 parts by volume of tetrahydrofuram and
50 parts by volume of methanol. The solution is maintaimed é
at room temperature for 48 hours and then refluxed for 5-6 ‘
hours. The solution is then cooled to room température and ;
solid potassium carbonate is added until the pH reaches 7. %
The solution is then stripped to 1/2 of its volume, dilwuted
with water and extracted with ether twice. The ether
extracts are combined, washed with water, dried over sodium
sulfate and stripped of solvent to give 9-oxodec-4-yn-1-o01
which is used without purification in Example 5.

EXAMPLE 5

20 Parts of 9-oxodec-4-yn-1-01 of Example 4 is
dissolved in 200 parts by volume of acetone and cooled te
0°C. The cold solution is stirred and treated dropwise with
90 parts by volume of 2.67 molar Jones reagent {chromic acid -
and sulfuric acid and water). The acetone solution is
decanted from the solid chromium salts, which are then rinsed{t
with fresh acetone. The acetone solutions are combined and
poured into a mixture of ether and water. The ether layer iér
separated from the water, washed once with water, and then
extracted three times with 5 percent potassium carbonate
solution. The alkaline extracts are combined, acidified with
concentrated hydrochloric acid and extracted twice with ethe -
and once with ethyl acetate. The extracts are combined,
dried over sodium sulfate, and stripped of solvent to give

the pure product, 9-oxodec-4-ynoic a;id.
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EXAMPLE 6

10 Parts of the 9-oxodec-4-ynoic écid of Example 5
is derogenated-at room temperétufe in toluene containing
about 0.5 percent quinoline with 5 percent palladium on
barium sulfate as catalyst. The fo1uene solution is washed
with 1 N hydroch]oricracid, then water. Tﬁe éo]ution is
dried ovér sodium sulfate and sirippeﬂ of solvent to give, as,
a yellow 0il, the product Eiifgioxodec;4—énoic acid.

EXAMPLE 7

3.2 Parté of potassium metal is added to 50 parts by
volume of 5-butyl alcohol and refluxed under argon. After
the potassium has djsso]ved, a Séfution'of 2.52 parfs of-
Eig-g;oxodeé-4-enoic acid and 4.85 narts of diﬁethy]oxa]ate,
which has been recrystallized from hexane in 25 parts'by .
volume of t-butyl alcohol is added dropwise to the refluxing
solution_over a one hour period. ‘The reaction mixture is
refluxed for 2 hours more, cooled to:roomvtemperature and
filtered under argon. The orange.filter cake is added to a
mixture of chloroform and 1 N hydrochloric acid. The '
dh]oroform layer is washed with a saturated sodium chloride
solution, dried over sodium sulfate and stripped of solvent
to give the product 7—(2,3,5—trioxo—4—methoxa1y]cyclopentane)?

hept-4-cis-enoic acid and its various tautomeric enol forms.

co

il

H.CO-C-C —_
3 SN CoOH |
XXIV

N\
o
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EXAMPLE 8

4.0 Parts of the 7-(2,3,5-trioxo-4-
methoxalylcyclopentane)hept-4-cis-enoic acid of Example 7 15'7
added to 100 parts by volume of 1 N hydrochloric acid and
refluxed under argon for 3 hours. The sdlution is cooled to
room temperature, filtered and extracted twice with ethyl
acetate. The extracts are combined and washed twice with
saturated sodium chloride solution, dried and stripped of '
solvent to give a red oil. The red 0il is chromotographed on
silica gel (60 percent ethyl acetate, 39 percent hexane and 1
percent acetic acid as eleunt) to give
7-(2,3,5-trioxocyclopentane)hept-4-cis-enoic acid as a yellow
solid melting at 78-80°C. and its various tautomeric enol |

forms.

cood

EXAMPLE 9
1.15 Parts of 7-(2,3,5-trioxocyclopentane)
hept-4-cis-enoic acid is dissolved in 35 parts by volume of
ethanol and 30 parts by volume of water and.cooled to 0°C. .
0.55 parts of sodium borohydride is.djs§olved in 5.0 parts byé
volume of water and added dropwise to the ethanol solution.

After the addition is complete, the solution is stirred at
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0°C for 30 minutes. The solution is poured into a solution
of ethyl acetate and 1 N hydrochloric acid. The aqueous
1ay§r is extracted three times with additional ethyl

acetate. The ethyl acetate extracts are combined, washed
once with saturated sodium chloride, dried over sodium
sulfate and stripped bf solvent to give, as a viscous yellow
oil; (*)7-(2,5-diox0-3- hydroxycyclopentane)hept-4-cis-enoic’

acid and its various tautomeric enol forms.

COOH

- LXV]
_ HO 0 . A

EXAMPLE 10

2.0 Parts of (+)7-(2,5-dioxo-3-hydroxycyclopentane)
hept-4-cis-enoic acid is added to 30 parts by volume of
2,2-dimethoxypropane and 4 parts by volume of 1 percent 7
methanolic hydrochloride. The mixture is allowed to stand at
‘room teﬁperature under reduced pressure. About 4 parts by
volume of ether is added and the mixture is allowed to stand’
at room temperature under reduced pressure. About 4 parts by
volume of ether is added and the mixture is allowed to stand ;
at room femperature for an additional 48 hours. The f
solidified mixtgre is taken up in toluene containing 1

percent triethylamine, and the solution is washed

successive]y with dilute potassium carbonate and water, dried
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over sodium sulfate and stripped of solvent. The residue is
recrystallized from ether to give, as a white solid melting
at 82-84°C, the product, (*+)methyl-7-(4-hydroxy-2-

methoxy-5-0oxocyclopent-l-ene)hept-4-cis-enoate.

COOCH

EXAMPLE 11

100 Parts-by volume of dry toluene are placed in a
three-neck flask and cooled to -70°C in an isopropyl
alcohol-dry ice bath. 1In separate dropping funnels are
placed 15.5 parts by volume of 1.83 molar sodium
dihydrobis-(2-methoxyethoxy) aluminate diluted with 100 partS'
by volume of toluene and a solution of 6.92 parts_of
(*)methyl-7-(4-hydroxy-2-methoxy-5-oxocyclopent-l-ene)
hept-4-cis-enoate in 200 parts by volume of toluene. The two
solutions are added dropwise and éimu]taneously to the
flask. The temperature of the flask should not be allowed to
exceed -60°C during the additions. The mixture is stirred at
-70°C for 3.5 hours then at 0°é for 15 minutes, quenched with
a solution of 5.0 parts by volume methanol in 10 parts by
volume of toluene, and acidified with 150 parts by volume of
1 N hydrochloric acid. The organic layer is separated,

washed with water, dried over sodium sulfate and stripped of
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solvent. The res%&ue is chromatographed on silica gel (70
percent ethyl acetate, 30 percent hexane as eluent) to give,

as a viscous 0il, (*) methyl

7-(3-hydroxy-5-oxocyclopent-l-ene)hept-4-cis-enoate.

-

COOCH XXXIT

EXAMPLE -12

Thé hydroxycyclopentenone of Example 11 (500mg) is

dissolved in 7m1 of acetone and treated with 7ml of oﬁe N
hydrochloric acid. The mixture fs allowed to stand at room
teﬁperature for 48 hours. The solution is strippéd under
reduced pressure to remove most of the acetone. The aqueous
so]ufion is extracted several times with'etﬁyi acetate. The
extracts afe cdmbined washed once with saturated sodium
chloride solutfon and dried over sodium su]faté and then
stripped‘again to yield an oil, cyclopentenoic acid.

A solution of the cyclopentenoic acid (500mg)
imidazole (GQOmg) in 8 to 10 ml of dimethylformamide (DMF) is
treated at room temperature with stirring with 800 mg of
t-butyl dimethyl silyl chloride. After one hour, the
reaction mixture is poured into a one to one mixture of
hexanelether and water. The organic layer is washed with

water three times, dried over sodium sulfate, and stripped
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again to yieild éﬁ oil. Chromatography using a 10 péré;nt
ethyl acetate 90 pércent hexane solvent system on silica gel
. gives 600mg of pure product, a bis silyl ether. 600mg of
this ;ilyl ether is dissolved in about five ml of methylene
chloride and then cooled to 0°C in an ice bath. It is then ,
treated with two to three drops of (DMF) and then with oxa]y{
chloride (200mg) in one ml of methyleﬁe ch]oride.r The |
reaction mixture is allowed to come to room temperature.
After one hour the solution is blown to dryness. The residue
is then dissolved in 6ml of chlorobenzene and treated with

700mg of tris (trimethyl-silyloxy-ethelene) prepared as

described by A. Wissner J. Org. Chem., 44, 4617 (1979) and

refluxed under argon for 3 to 4 hours. The mixture is then
cooled and stripped under reduced pressure to a paste which
is dissolved in tetrahydrofuran (3-4ml) treafed with one ml
of one N hydrochloric acid and then refluxed under argon for
one hour. The solution is cooled, diluted with ethyl .
acetate, and washed with saturated sodium chloride solution.
The adueous wash is extracted withrch]oroform twice. Al
extracts are then combined and dried over sodium suifate,
then stripped. Chromqtograﬁhy'of the residue on silica gel
using 80 percent ethyl acetate 20 percent hexane solvent
system gives an 0%1. The 011 (cyclopentane product) (110mg’
is dissolved in 2m1 of (DMF) containing 150mg of imidazole -
and then is treated with stirring with 150mg of triethyl
silyl chloride. The reaction mixture is stirred at room
temperaturg for one hour, and is diluted with ether, washed

with water three times, and then dried over sodium sulfate
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and stripped to give the bis silyl ether compound.

. -
I o :

fl i
Q/'\./‘Lj/\ccxa 0SiEt LIV

2 3

QSlEt3

EXAMPLE 13

2.12 Parts of 4 (RS)-trimethylsiloxy-4-methyl-1-
octyne and 3.0 parts of tri-n-butyltin hydridg are mixeﬂ'an
irradiated under argon with a sunlamp af 0°C for 2 hours and;
then at 55°C for 2 hours. The resulting product is used

directly in Example 14.

EXAMPLE 14

1.0 Parts of the trans-vinylstannane product of
Example 13 is dissolved in 3.0 parts by voiume of dry
tetrahydrofuran, cooled to -60°C and treated with 0.87 parts
by volume of a 2.3 molar solution of n-butyllithium in '
hexane. The solution is stirred for an hour at -60°C and
fhen treated with an efher:solution containing 0.26 parts of

.

copper l-pentynylide and 0.64 parts of hexamethylphosphorous

triamide. The solution is then stirred for an additional 10;
minutes at -60°C and an ether solution containing 0.35 partsz
of the title compound of Example 12 is added. The solution
is stirred for one hour and poured into a mixture of ether
and 1 N hydrochloric acid. The ether layer was separated,

washed with water twice, filtered, dried over sodium sulfate
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and stripped of solvent. The residue is chromatographed on
silica gel (10 percent ethyl acetate, 90 percent hexane as

eluent) to give the racemic product.

EXAMPLE 15

0.30 Parts of the racemic product of Example 12 is
dissolved in 5.0 parts by volume of a 3:1:1 mixture of acetit
acid:tetrahydrofuran:water and is allowed to stand at room
temperature for about 30 minutes. The solution is diluted
with ether, washed with water 5 times, dried over sodium
sulfate and stripped of solvent. The residue is
chromatographed on silica gel (100 percent ethyl acetate as
eluent) to give, as a viscous colorless oil, the produ#t
racemic
4a-hydroxy-38-(4S)-(4-hydroxy-4-methyl-1-E-octenyl)-2a- i,

(8—hydroxy—7-oxo-32—octeny]) cyclopentanone.

LV

35
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EXAMPLE 16

——

2.12 Parts of (4S)-4-trimethylsilyloxy-4-methyl-1-
octyne which was obtained by the method described in “Recentl

- ‘Developments in the Synthesis of Antisecretory

Prostagﬂénﬁins“, R. Pappo et al in Chemistry, -Biochemistry

and Pharmacological Activity of Prostaniods, ‘1979 and 3.0

parté of tri-n-butyltin hydride are mixed andrirradiated
under "argon with a sunlamp at 0°C for 2 hours and then at
55°C for 2 hours. The resulting product is used directly ir
Example 17.

EXAMPLE 17

©1.0 Parts of the trans-vinyistannane product of
Examplé 16 is dissolved in 3.0 parts by volume of dry
“tetrahydrofuran, cooled to -60°C and treated with 0.87 part
by volume of a 2.3 molar solution of n-butyllithium in .
hexane. The solution is stirred for an hour at —60°C then
treated with an ether so]ution containing 0.26 parts of
copper lfpéntynylide and 0.64 part of hexamethylphosphorous
triamide. The solution is then stirred for an additional 10
minutes at -60°C and an ether solution containing 0.35 parts:
of the title product of Examplie 12 is added. The solution is’
stirred and poured into a mixture of ether and 1 N |
hydrochloric acid. The ethek layer was separated, washed
with water twice, filtered, dried over sodium sulfate and

stripped of solvent. The residue is chromatographed on

silica gel (10 percent ethyl acetate, 90 percent hexane as
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eluent) to give a mixture of diastereoisomers.

EXAMPLE 18

0.30 parts of the diastereoisomers of Example 17 is
&issolved in 5.0 parts by volume of a 3:1:1 mixture of acetic
acid:tetrahydrofuran:water and is allowed to stand at room
temperature for about 30 minutes. The solution is diluted
with ether, washed with water 5 times, dried over sodium
sulfate and stripped of solvent. The residue is
" chromatographed on hydroxyapatite (6 percent n-butanol, 94
percent cyclohexane as eluent) to give the products
‘4R-hydroxy-3-(4S-4-hydroxy-4-methyl-1E-octenyl)-2-
(8-hydroxy-7-ox0-3Zoctenyl) cyclopentanone and #S;hydroxy-3
-(4S-4-hydroxy~4-methyl-1E-octenyl)

-2-(8-hydroxy-7-0ox0-3Z-octenyl) cyclopentanone,

25

30

35
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WHAT 1S CLAIMED 1IS:

1. A compound according to the formula

3

wherein R is -COCHZOH;
wherein Ry 1is:

(a) hydrogen; or

(b) alkyl of 1 to 6 carbon atoms inclusive;
wherein n is an integer from 2 through 4 inclusive;
wherein Y is a cis-vinylene or iﬁgﬂé-vinylene groupérand
wherein the (*) refers to the;structuré of formula I, its
mirror image or the mixture of racemates. 7 7

2. A compound according to Claim 1 wherein R1 i§
methyl. - _

3. Racemié 4o-hydroxy-3g-(4(RS)-4-hydroxy-4-
methyl-1E-octenyl)-2a-(8-hydroxy-7-oxo0-3Z-octenyl).

4, 4R—hydroxy—3s-(4S-4—hydroxy-4-methy]—lE-
octenyl)-2a-(8-hydroxy-7-0x0-3Z-octenyl) cyclopentanone.

5. 45-hydroxy-3a~-(4S-4-hydroxy-4-methyl-1E-

octenyl(-28-(8-hydroxy-7-oxo0-3Z-octenyl) cyclopentanone.
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